It is thought that two types of vancomycin resistance exist in S. aureus. VRSA strains such as Mu 50 have vancomycin MICs of у8 mg/L, while in strains with heterogeneous resistance such as Mu 3, vancomycin MICs are 2-4 mg/L. The breakpoint of vancomycin for S. aureus is 4 mg/L in the UK, 11 while in the USA there is an upper breakpoint of 32 mg/L. 12 Using these breakpoints, Mu 50 (vancomycin MIC = 8 mg/L) would be classified as vancomycin resistant in the UK and as intermediate in the USA. However, the classification of hVRSA is less clear. As the reported VRSA and hVRSA have been associated with vancomycin treatment failure 9, 12 and the precise proportion of VRSA and hVRSA in the MRSA population is unknown, current studies are focused on detecting vancomycin hetero-resistance in MRSA. Realistic results will only be attained through the use of an appropriate method, where detection of false positives and negatives are at a minimum.
The current methods of susceptibility testing of vancomycin in UK laboratories include the British Society for Antimicrobial Chemotherapy (BSAC) standardized disc diffusion method 13 and Stokes' method. 14 Using a 5 g disc, the zone diameter breakpoints with the former method are р9 mm (resistant), 10-11 mm (intermediate) and у12 mm (susceptible). 13 However, it has been reported that the Japanese strain Mu 50 exhibits susceptible results 15 in the US with NCCLS methods. 16 It has also been observed that the screening method described by Hiramatsu et al. 17 for detecting hVRSA yields false positives and negatives. 12 20 and the addition of Mu 3 cell wall material to media. 21 In this report, 100 historical MRSAs isolated between 1983 and 1999 have been screened using Hiramatsu's screening method, gradient plates, standard Etest, macrodilution Etest and a modified population analysis to assess the prevalence of hVRSA and VRSA in a UK hospital.
Materials and methods

Bacterial strains
One hundred MRSA strains from the collection at the Bristol Centre for Antimicrobial Research and Evaluation at Southmead Hospital, collected between 1983 and 1999, were used. Mu 50 and Mu 3 4 were used as positive control strains of homogeneous and heterogeneous vancomycin resistance, respectively.
Susceptibility testing
MIC determinations were performed using agar incorporation 11 and standard Etest procedures. Isosensitest agar plates (ISA; Oxoid, Basingstoke, UK) were inoculated with a 0.5 McFarland standard suspension of test organisms and a vancomycin E-strip was added. Plates were incubated at 37°C for 18 h.
Macrodilution Etests were performed as described by Bölstrum.
22 A 2 McFarland suspension (250 L) of test isolate in saline solution was swabbed on to brain-heart infusion agar (BHIA; BBL, Cockeysville, MD, USA). The plates were allowed to dry and the vancomycin Etest strips applied. After incubation for 48 h at 37°C, the MICs were noted. The McFarland 2 suspension was also used to repeat the process for teicoplanin Etests. The criteria used to detect hVRSA when using the macrodilution Etest were MICs of у8 mg/L for both vancomycin and teicoplanin. Mu 3 had an MIC of 8 mg/L of vancomycin and 32 mg/L of teicoplanin.
The screening method was performed as described by Hiramatsu et al. 17 This involved inoculating 10 L of a 0.5 McFarland standard broth on to BHIA plates containing 4 mg/L vancomycin (Lilly, Basingstoke, UK). Growth at 24 h denoted VRSA and growth at 48 h denoted hVRSA. The 100 MRSA were tested in batches of 10, with Mu 3 and Mu 50 used as positive controls and the Oxford Staphylococcus NCTC 6571 as a negative control with each batch.
Gradient plates were made by allowing 25 mL of BHIA containing 4 mg/L of vancomycin to set at a 12°angle in a 10 cm square Petri dish. This gradient slope was subsequently overlaid with 25 mL of BHIA and left to set horizontally. After 24 h incubation in tryptone soya broth (TSB) (Oxoid, Basingstoke, UK), each culture was adjusted to a turbidity equal to McFarland 0.5, and a standard loopful (10 L) of vancomycin from 0-4 mg/L was streaked across the gradient plate. Each plate held 10 test organisms plus Mu 3 as positive control, the repetition of Mu 3 providing reproducibility data for the method. The growth along the vancomycin gradient was measured after 48 h. The gradient plates were analysed using the ratio of the growth distance of the MRSA divided by the distance grown by Mu 3 on the same plate. This took into consideration any variability between plates. A ratio of у1 denotes an hVRSA.
Modified PAPs were performed as follows. After 24 h incubation in TSB, cultures were diluted in saline to 10 -3 and 10 -6 , and spiral plated (Don Whitley spiral platers, West Yorkshire, UK) on to BHIA plates containing 0.5, 1, 2, 2.5 and 4 mg/L vancomycin. Colonies were counted after 48 h incubation at 37°C and the viable count was plotted against vancomycin concentration using GraphPad Prism (GraphPad; San Diego, CA, USA). This was then used to calculate an area under the curve (AUC). To distinguish VRSA, hVRSA and vancomycin-susceptible MRSA, a ratio of the AUC of test MRSA divided by the corresponding AUC for Mu 3 was calculated. The criteria used for detection of hVRSAs were AUC ratios of у0.9. Again, MRSA were tested in batches of 10 with Mu 3 as a positive control. The ratio of test MRSA AUC divided by the corresponding Mu 3 AUC was calculated.
Results
Using Hiramatsu's screening method, five MRSA isolates exhibited one or more colonies at 24 h, suggesting homogeneous resistance (VRSA), and five exhibited one or more colonies at 48 h, suggesting that they were hVRSA. Mu 50 grew at 24 h in every test (100% accuracy), but Mu 3 only grew at 48 h in 80% of the tests, sometimes growing at 24 h and sometimes not growing at all (Table I) .
Vancomycin MICs ranged from 0.38 to 2 mg/L for the 100 MRSA, 6 mg/L for Mu 50 and 3 mg/L for Mu 3, using the standard Etest protocol (Table II) . These data suggest that Mu 3 is not vancomycin resistant. Using the macrodilution Etest method and the suggested criteria, Mu 3 had a vancomycin MIC of 8 mg/L and a teicoplanin MIC of 32 mg/L, and is classified as hVRSA. None of the 100 MRSA isolates were classified as hVRSA.
Seven out of 100 MRSA had ratios of у1 when using the gradient plates, indicating their similarity to Mu 3. Of these seven MRSA strains, only two corresponded to those positively identified by the other methods; one an hVRSA and the other a VRSA (Table III) . The reproducibility of the measurements for Mu 3 were poor, ranging from 4.1 to 7.2 cm, giving a mean ± S.D. distance of 5.4 ± 0.8 cm. The range for MRSA was 1.7-6.6 cm and Mu 50 consistently gave a distance of 10 cm.
The modified PAPs were inspected visually and a new analysis developed. Using the graph of log 10 viable count versus vancomycin concentration, the AUC was calculated. The pooled AUC values calculated for Mu 50 on 10 separate occasions had a mean of 25.19 ± 0.68, which suggests good reproducibility. Mu 3 tested on 16 occasions also gave reproducible results, with a mean AUC of 21.06 ± 2.47 (Table I ). The 100 MRSA tested individually had a mean AUC of 10.98 ± 2.94. These AUC data show good distinction between MRSA, hVRSA and VRSA. None of the test isolates had AUC ratios у0.9, and there was therefore no evidence of hetero-resistance to vancomycin.
Discussion
At present, the proportion of MRSA with reduced susceptibility to vancomycin (hVRSA) is unknown in many hospitals, but it is important for infection control reasons that this is established. To accomplish this, a sound method of detection is required instead of the current disc diffusion and Stokes' methods used in the UK and elsewhere, which fail to detect hVRSA. The other methods available, such as determination of MICs by broth dilution, agar incorporation or standard Etest, 23 as well as gradient plates and the screening method described by Hiramatsu, are not labour intensive, but would be an inappropriate means of screening for or detection of hVRSA, owing to the high number of false positives and negatives. The more specialized methods like population analysis and modified media plus -lactam 21 interaction have been criticized for their labour intensity and the possibility that they may select rather than detect vancomycin resistance. 10 Given the number of MRSA to be tested in many laboratories, these methods would also be considered unsuitable.
Recent reports using Hiramatsu's screening method cite a Criteria used to detect hVRSA using agar incorporation and Etest was an MIC у 4 mg/L.
b Criteria used to detect hVRSA were MICs of у8 mg/L for both vancomycin and teicoplanin. c Gradient plate criterion used to detect hVRSA was a ratio of у1. Criteria used to detect VRSA and hVRSA using the screening method were growth at 24 and 48 h, respectively. e Criterion used to detect VRSA using the modified PAP was a ratio of у0.9. 25 of the MRSA population as having reduced vancomycin susceptibility. However, these studies have been criticized for using poor methodology. 26 In this report, the gradient plates and screening method detected 7% hVRSA, and 5% hVRSA and 5% VRSA, respectively. These percentages of hVRSA would seem to correlate with those found in other countries; however, we consider these to be false positives because they do not correspond to the positives found using the other methods. It has also been found that the reproducibility of the screening method is very poor. 27 The concern over the extent of hVRSA is understandable, especially with increasing reports of resistant isolates and their link with treatment failure. 9, 12 However, so far these isolates have been susceptible to other antimicrobials, namely arbekacin and trimethoprim/sulphamethoxazole. 28 In light of the increased incidences of hVRSA, there have been calls for the monitoring and/or reduction of all vancomycin therapy plus improvement of laboratory methods to detect VRSA and hVRSA earlier and more accurately.
Recent research, using a macrodilution Etest 22 to screen for hVRSA in large numbers of MRSA, found 2% false positives. 29 Extending the results of this study to a working laboratory, it can be suggested that a macrodilution Etest should be performed initially, this providing a non-labour intensive screening method for many isolates but with few false positives. Alternatively, if the cost of screening all MRSA with Etest is too high, this could be limited to isolates from patients receiving glycopeptide treatment. Isolates suspected of showing resistance would then be subjected to analysis using the modified PAP to give a more accurate guide to vancomycin-resistance status.
